Introduction
initiates a discussion on methodological issues of studying plant competition, addressing two main questions: (i) whether we need full separation of above-and below-ground interactions among plants before we can accurately measure the relative importance of root and shoot competition; and (ii) whether we must measure plant responses both above and below ground.
If the first question is not tautological, it is certainly philosophical and it may have no universal answer. It would always be good to know more, but everything depends on the goal of any particular study. Cahill considers that insisting that all competition studies fully separate root and shoot competition 'greatly increases the complexity of experimental designs', highlighting the need to ensure that goals are driven by theory rather than methods. However, if the goal of studying the 'relative importance of root and shoot competition' has been agreed, then there are several possible ways to proceed. One of these is to rely on indirect evidence, although any effort to be more specific would certainly be welcome. The point that Cahill really wants to address is the question: What data need to be collected from the focal plants? After advocating briefly the use of short-term observations to predict long-term responses in the field, he asks, 'Must we measure both root and shoot responses of focal plants in studies which separate root and shoot competition?'. The assumption on which this is based is rather optimistic given the field evidence available (e.g. Tilman 1989; Bakker et al. 1996) .
Can shoot growth alone be a proxy for the long-term effects of the experimental treatments of interest? This question is not theoretical, neither is it connected specifically with the issue of separating shoot and root responses. It is, rather, a practical consideration related to all kinds of plant competition studies. In his final comments, Cahill agrees that information about 'how plant allocation varies' may be 'essential for addressing some very interesting questions', but argues that it may still be 'impractical for studies that often have on the order of 500 focal plants'. We would like to continue discussion on the topic of how realistic is the common tendency in competition studies to operate above ground only.
Forgetting root biomass: optimization of response parameters or oversimplification?
  ⁄     Shoot biomass of perennial plants could easily be used as a sufficient proxy for root and total biomass responses only if root/shoot allocation is predictable. There are not very many studies available to verify this assumption, even at a species level, partly due to the same methodological difficulties described by Cahill (2002) . Moreover, the existing data on how root/shoot allocation depends on the nutrient-light balance may not be entirely reliable. In several cases ontogenetical shifts in root /shoot allocation may have been wrongly interpreted as plastic responses to the environment (McConnaughay & Coleman 1999) . The data about community-level changes of below-ground/aboveground biomass allocation pattern along fertility and light gradients is extremely scarce (Liira & Zobel 2000) , although a handful of published studies do demonstrate the variability of root/shoot allocation (review by Reynolds & D'Antonio 1996) .
Changes in root/shoot ratio depend on a number of factors, including the intensity of competition and the particular plant species under observation (Austin et al. 1985; Goldberg 1987; Gurevitch et al. 1990; Nötzold et al. 1997) . Consequently, one can not predict the change in allocation pattern without knowing how a particular plant species behaves in a certain competitive environment, at different resource levels. Differential response of above-ground and below-ground biomass may result in a situation where even a plant's response to full competition is observable only when root biomass has been taken into account (Whigham 1984; Fone 1989; Moora & Zobel 1996) . Indeed, it is quite logical to assume, for example, that in wellilluminated conditions, a release in competitive pressure may result only in an intensified allocation of photosynthates into below-ground storage organs, and no measurable response will be observed in shoots. Due to the unpredictability of species' root /shoot ratios in mixtures, the pattern of community-level relative yield totals may be different from the pattern emerging from Correspondence: Martin Zobel, Institute of Botany and Ecology, Tartu University, 40 Lai Street, Tartu 51005, Estonia (e-mail mzobel@ut.ee). the study of above-ground biomass alone (Hooper 1998) .
     :    Cahill (2002) argues that the measurement of root biomass is much less precise than the measurement of shoot biomass, and will thus lead to biased patterns and a biased understanding of natural processes. However, this possible error should certainly not be used as a reason to drop the measurement of root biomass. Even if the errors in the measurement of root biomass are so large that the data are difficult to use, we should focus on the improvement of methods rather than dropping such measurements. As root /shoot allocation pattern differs among plant species and among competition treatments, one has to choose between just two options: to have the necessary data (maybe sometimes biased) or to do without them completely.
Cahill argues that the error of measuring root biomass may be greater than that of measuring shoot biomass. This, however, means only that there will be greater variation of root biomass values around the mean, and that more replications will therefore be needed to find significant response patterns. Once it is possible to detect such significant patterns, variation in response parameter will be irrelevant.
He also claims that the error in measuring root biomass is systematic, due to part of the fine roots remaining in the soil. However, similar problems may affect shoot biomass, some of which may be lost, for instance to herbivores, or as fallen leaves following fungal infection. The systematic error in these measurements is much smaller but, in any case, systematic underestimation of root biomass does not necessarily mean that biomass estimates and comparisons are biased. Cahill also refers to the possibility, however, that difficulties in separating root biomass may lead to a false pattern among species. We do agree that, compared with the situation in 'no root competition treatments' where plants are grown without the presence of roots of neighbouring plants, roots intertwined with those of their neighbours in 'root competition treatments' are more likely to break off when removed from the soil. However, given that the whole bulk of roots is still removed from the soil, and there is no clear reason why error in root separation should be species-specific, root intertwining only increases the noise in species-specific biomass data. This brings about a decrease in the power of statistical tests (increased type II error) but by no means a biased estimate of type I error (probability of falsely refuting a null hypothesis). Here again, increased sample size has to be the preferred solution.
Until now, there is no documented evidence that error in measuring root biomass can significantly influence the observed response patterns of competing plants. Published results, referred to above, rather show that the consideration of only shoot biomass may reveal a false pattern, as there may be cases where the effect of full competition on plant performance becomes significant only after including below-ground biomass. Cahill (2002) argues that the separation of the roots of plant individuals is too difficult and labour consuming but we believe that in many cases it is simply a matter of previous experience. Given training, it is often possible to separate roots quite quickly and efficiently without any evident major error: for example, we took 50 working hours to extract roots of 230 plant individuals and 8 h to weigh them (Moora & Zobel 1996) , a negligible effort compared with the whole duration of the project. There are evidently cases when the separation of roots may be impossible, especially in the field, but this 'impossibility' cannot be taken as a rule.
   
Generally, demand for labour cannot be the basis for avoiding certain measurements. Determining the identity of seedlings species is one step more difficult than determining adult plant species, but it is certainly not a good reason not to study recruitment. It is much harder to get valid information on the presence of mycorrhizal structures in roots than simply to weigh roots, but nobody uses this as an argument against studying mycorrhizas.
How to proceed with plant competition?
Our dispute with Cahill is mostly about a rather technical question, whether one has to measure root biomass in competition experiments or not. We have put forward the view that avoiding measurement of root biomass may not always be correct, and one cannot accurately predict when use of above-ground biomass alone will be sufficient. This view is not too different from that of Cahill himself, who states that 'there do remain compelling reasons why one should measure root biomass'. We feel, however, that the reason why this discussion arose is more fundamental. It depends, evidently, on how narrowly or broadly one sees the goal of one's studies. We accept that both time and money are likely to be limited but if Cahill's aim of a 'better understanding of how plant communities function in nature' is the real goal, one may then ask: How should we proceed with plant competition?
There is only one answer, it is time to move on from severely oversimplified systems towards more realistic ones. One important and relatively easy step would be to incorporate, to a much larger extent, below-ground parameters. We firmly believe that it is impossible to understand the behaviour of plant individuals (species) in a competitive environment without considering the response of a plant individual as a whole. Further, it would be extremely important to distinguish between allocation to absorptive organs (fine roots, mycorrhizal hyphae) and to storage organs (rhizomes, bulbs, rootstocks, etc.). To our knowledge, distinction between allocation to absorptive and storage organs below ground is extremely rare in competition experiments (e.g. Nötzold et al. 1997; Cheplick & Gutierrez 2000; Cheplick & Chui 2001) , although these differences may determine a plant's long-term success in competition. Besides shifts in biomass production, re-shaping of a plant's morphology by plastically altering allocation should also be considered. It may happen that a change in shoot morphology, rather than biomass, may carry information about below-ground processes.
To conclude, if our goal is to improve the understanding of how complex natural systems really operate, one cannot avoid considering below-ground processes. It may be time consuming, uncomfortable and dirty, it is sometimes almost impossible, but it is certainly not boring.
